BK polyomavirus (BKV) was first described in 1970 by Gardner and colleagues, but only in the mid-1990s was the virus related to opportunistic nephropathy in renal allograft recipients [1, 2] . In immunocompetent individuals, the virus remains latent in uroepithelial and renal tubular cells and reactivates in a minority of subjects without clinical relevance [3] . However, after renal transplantation, polyomavirus-associated nephropathy (PVAN) evolves in 1-10% of the patients [4] , resulting in allograft loss in up to 80% of cases and is, therefore, considered an emerging disease in transplantation [5] .
Early detection of BKV in urine and/or blood samples [6, 7] is an essential component of the recommended strategy to prevent graft loss by PVAN, as it may allow for timely reduction of immunosuppressive therapy, avoiding graft loss [4, 8] . According to current recommendations [6, 7] , regular urine screening after renal transplantation should be performed preferably by quantitative PCR [7] . Urine cytology (decoy cell) is considered an alternative low-cost method that presents good correlation Key Words BK polyomavirus · Seminested PCR · Decoy cell · Polyomavirus-associated nephropathy Abstract Objective: Polyomavirus-associated nephropathy (PVAN) is a major cause of graft dysfunction after kidney transplantation. Therefore, routine screening for BK polyomavirus (BKV) infection with urine cytology or quantitative PCRbased assays has been recommended. Although less expensive than quantitative tests, qualitative PCR assays are not recommended for screening based on the assumption that their diagnostic accuracy is inferior to urine cytology. However, studies comparing the performance of both methods are scarce. Methods: We compared the accuracy between a qualitative seminested PCR (snPCR) assay and urine cytology for the screening of BKV viruria in 104 renal transplant recipients. Results: The snPCR assay was more sensitive than cytology (100 and 61%, respectively), yielding better negative predictive value (100 vs. 90%). In 7 (39%) of the 18 PVAN cases, BKV infection was detected exclusively by snPCR. Although the specificity of snPCR (63%) was lower than cytology (74%), their positive predictive values were similar (36 vs. 33%, respectively). In ROC curve analysis, the accuracy of snPCR was significantly higher with quantitative PCR assays despite its lower negative predictive value for BKV nephropathy [9, 10] . Qualitative PCR assays, although less expensive than quantitative tests, are not recommended as a screening method based on the assumption that their lower specificity would increase the number of patients unnecessarily submitted to further diagnostic tests [3] . However, studies comparing the performance of qualitative PCR assays with other screening tests for BKV viruria are scarce.
In a previous study designed to assess the prevalence of BKV subtypes among renal transplant recipients in Brazil, we developed a qualitative seminested PCR ( snPCR) assay to detect BKV in urine samples [11] . In the present report, we analyzed follow-up data to compare the accuracy of snPCR and urine cytology as an initial screening method to detect patients at risk of developing PVAN. This study was approved by the Institutional Committee on Research Ethics (protocol 062/07).
Patients submitted to kidney transplantation between 2005 and 2009 were included in the study after providing written informed consent, and followed up to December 2010. From each patient, 5-ml urine samples were collected in a sterile vessel and centrifuged at 287 g for 15 min. Urine supernatants were discarded and the cell pellets were both used for cytology and PCR. Urine cytology for decoy cell identification was performed with a standard Papanicolaou stain. For snPCR, each urine sample was submitted to DNA extraction using a Wizard TM Genomic DNA Purification kit (Promega, Madison, Wisc., USA) according to the manufacturer's instructions. snPCR targeting a conserved region of BKV VP1 was performed as described previously [11] .
The diagnosis of PVAN was defined by the detection of positive immunohistochemical nuclear staining with the anti-BKV large T antigen monoclonal antibody [7] in cases that presented typical viral cytopathic changes in the epithelial cells of tubules, glomeruli or collecting ducts, with or without typical viral nuclear inclusions in hematoxylin eosin-stained sections. Histological patterns were defined according to the consensus conference on PVAN [5] .
Sensitivity, specificity and negative and positive predictive values for the prediction of PVAN were calculated for both methods. ROC curve analysis was performed to compare the accuracy of urine cytology and snPCR. The comparison of the area under the ROC curves built for each method was performed with the DeLong test (1988) [12] using Medcalc software (Mariakerke, Belgium).
One hundred and four patients were included in the study and screened for BKV after a median 7 months (interquartile range, IQR, 2-14 months) following transplantation. Their median serum creatinine level at the time of urine sample collection was 1.3 mg/dl (IQR 1.2-1.9 mg/dl). BKV viruria was detected by urine cytology in 33 patients (32%) and by snPCR in 50 subjects (48%). snPCR was positive for all patients who had decoy cells detected in the urine.
Eighteen (17%) of the 104 patients included in the study had a follow-up diagnosis of PVAN. According to the histopathologic classification of PVAN, 5 patients were stage A, 12 were stage B and 1 was stage C. The analysis of performance of the urinary screening tests to predict the occurrence of the nephropathy is summarized in table 1 . Overall, snPCR was considerably more sensitive than cytology, with a higher negative predictive value. Although the specificity of snPCR was lower compared with urine cytology, both tests had similar positive predictive values. In ROC curve analysis, the accuracy of snPCR was significantly higher (p = 0.03). Of the 7 patients (39%) who were exclusively detected by snPCR, 6 had a renal histological classification score of PVAN B and 1 scored as PVAN A. These results suggest that the qualitative snPCR developed in this study is significantly more accurate than urine cytology to detect patients at risk for PVAN. snPCR was substantially more sensitive than decoy cell cytology, while its specificity was moderately lower. Because of their lower specificity, qualitative PCR assays have been regarded as unsuitable as a screening method for BKV viruria because of the assumption that their use would lead to an unnecessary increase in the use of further diagnostic tests. The finding that snPCR and urine cytology had similar positive predictive values in this study does not support that assumption and indicates that this qualitative PCR assay may be a useful alternative to screen for BKV infection among renal transplant recipients. Accordingly, Montagner et al. [13] observed that a similar PCR assay was a more sensitive predictor of BKV viremia than urine cytology.
It could be argued that cytology is cost saving, easier to perform and can be performed in any modest routine laboratory without cross-contamination risks. However, cytology results are more susceptible to delays in processing and shipment of samples [5] . The resulting lower sensitivity may delay the recognition of active BKV infection, which may have a negative impact on graft survival in a considerable proportion of affected patients. In fact, the snPCR assay analyzed in this study showed a higher negative predictive value. Although more costly than urine cytology, it is considerably less expensive than quantitative PCR methodologies, such as real-time PCR, for BKV screening in urine samples. Therefore, we believe that this qualitative snPCR assay might help to improve the quality of care of renal transplant recipients in many centers, especially those located in developing countries, where the routine use of quantitative PCR assays as a screening tool still cannot be afforded. Indeed, the results of two previous studies further support the clinical utility of qualitative PCR assays, both in urine and blood, to predict patients at risk of PVAN [14, 15] . However, in both studies, the diagnostic performance of the qualitative PCR assay used was not compared to any other test.
The 32% prevalence of detection of decoy cells found in this study is within the range of 16.9 to 37.5% reported in other Brazilian studies [16] [17] [18] [19] . Few Brazilian studies used molecular assays to determine the prevalence of BKV infection among transplant recipients [13, 20] . Montagner et al. [13] , using another qualitative snPCR assay, reported prevalences of 62 and 43% for viruria and viremia, respectively, in a sample of selected renal transplant patients who presented graft dysfunction. Among unselected renal transplant recipients, Pires et al. [20] , using a standard qualitative PCR assay, reported viruria in 30.5% of the patients, a prevalence considerably lower than the 48.5% found in the present study. It is possible, to some extent, that such difference may have been partially influenced by characteristics of the PCR assays used in both studies. Urea is a potential PCR inhibitor in urine samples [20, 21] that may induce false-negative results. However, the use of a seminested technique, employing a high number of cycles, may mitigate this limitation and reduce the number of false negatives. In fact, in the present study, decoy cells were not found among patients with negative snPCR.
This study has some limitations. It has a cross-sectional design, and therefore urine samples were not collected at predetermined intervals after transplantation. It is possible that with serial sampling, the difference in the accuracy between snPCR and cytology might disappear, although this hypothesis requires testing.
The establishment of cost-effective and accurate screening protocols for BKV detection in urine samples is still under debate. In this study, a qualitative snPCR assay was more accurate than urine cytology for the detection of BKV viruria in renal transplant patients. Further studies, however, are needed to confirm the clinical usefulness of this snPCR assay for BKV screening.
